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INTRODUCTION
It has long been speculated that galaxies may not exactly trace the mass fluctuations in the universe. This phenomena is called a biasing, and the biasing factor b is defined as ∆n gal /n gal = b · ∆ρ m /ρ m where ∆ρ m /ρ m = δ m is the mass density contrast. This definition of b certainly assumes smoothing the density field δ at some scale (typically 8h −1 Mpc or larger). So, the standard biasing is believed to be a fairly recent phenomenon, probably occur at roughly z bias < 10.
We investigate another biasing phenomenon that differs from the standard biasing in two aspects. First, it affects much more massive objects than galaxies, such as galaxy clusters and perhaps the superlarge scale structures (like the Great Wall, the Great Attractor and so on). Second, it is related to the primordial gravitational potential perturbations, ϕ.
Possible influence of the primordial gravitational potential upon the structure formation has been noted by several authors. Kofman & Shandarin (1988) have suggested on the basis of the adhesion approximation that the formation of voids is associated with positive peaks of the primordial gravitational potential. Sahni, Sathyaprakash, & Shandarin (1994) confirmed the hypothesis by measuring a significant correlation between the sizes of voids and the value of primordial gravitational potential in the simulations of the adhesion model.
By investigating the evolution of a correlation between potential and density perturbations, Buryak, Demianski, & Doroshkevich (1992) have shown that formation of superlarge scale structures is mainly determined by the spatial distribution of the gravitational potential.
Recently, Madsen et al. (1997) have demonstrated by N-body simulations that the under dense and the over dense regions are closely linked to the regions with the positive and the negative gravitational potential respectively.
Thus, given all these results showing the important role of the primordial gravitational potential in the structure formation, it would be interesting to calculate the amount of the influence of the primordial potential on the mass distribution quantitatively.
In this Letter we present two constrained mass distribution functions; n − (M) (ϕ < 0) and n + (M) (ϕ > 0), and show how much influence of ϕ has on the mass distribution of galaxy clusters. We base on the Press & Schechter (1974, hereafter PS) formalism to evaluate n − (M) and n + (M), and employ the the Cold Dark Matter model (CDM) with Γ = Ωh = 0.25.
THE BIASING EFFECT ON THE MASS FUNCTION
The mass distribution function n(M) is defined such that n(M)dM is the comoving number density of gravitationally bound objects in the mass range (M, M + dM). Simple as it is, the PS formalism provides a powerful tool to calculate the number densities of galaxy clusters (e.g., Lacey & Cole 1994) . The following two equations represent the essence of the PS formalism.
Here p(δ) is the probability density distribution of the linearly extrapolated density contrast, δ c (≈ 1.69 for Ω = 1, weakly dependent on Ω; Kitayama & Suto 1996) is the density threshold value for the formation of bound objects, and F (M) is the volume fraction occupied by the bound regions in the linear density field.
In order to incorporate the primordial gravitational potential term into the above equations, we first derive the conditional probability density distribution p(δ|ϕ < 0):
where
ϕ are the density variance, the velocity variance, and the potential variance respectively. Here the velocity variance is related to δ and ϕ by < δϕ >= −σ 2 v . p(δ|ϕ > 0) has the same form as equation (3) but has an opposite sign in front of the error function term.
In the case of a sharp k-space filter 1 which we use throughout this Letter, σ
where P (k) is the density power spectrum. Whereas the variance of the primordial potential, σ 2 ϕ , is given as a constant such that
where an arbitrary long wave cutoff k l is introduced in order to prevent σ 2 ϕ from diverging as k goes to 0. As long as k l is small enough, σ 2 ϕ virtually does not vary by the change of k l . We chose the value of k l to be 1000h −1 Mpc, and the corresponding σ 2 ϕ depends on k l only logarithmically. Now, the volume fraction F (M) with ϕ < 0 is a function of σ δ and σ v each of which in turn is a function of mass M:
1 In fact, the PS formalism is consistent with the case of a sharp k-space filter (Peacock & Heavens 1990) where
So equation (1) is written as
The differential volume fraction ∂F/∂σ can be obtained analytically:
For the functional form of P (k), we adopt the following power spectrum given by Bardeen et al. (1986) :
where q = k/Γ and k is measured in units of hMpc −1 . Using the σ 8 = 1 normalization for P (k) (which is also in agreement with the COBE measurements for Γ = 0.25; see Peacock & Dodds), and calculating dσ/dM numerically, we evaluate n − (M) through equations (4) to (14). The resulting conditional mass function n − (M) is plotted in Fig. 1 . The mass function in the case of ϕ > 0, n + (M), as well as the unconditional PS mass function, n(M)
is also plotted. n + (M) can be straightforwardly derived with the exactly same manner as we use for n − (M) except for the sign of ϕ.
It is obvious from showing a biasing effect of the primordial gravitational potential ϕ upon the formation of galaxy clusters quantitatively.
In Fig. 2 we plot the ratio of n ± (M) to n(M). The ratio n − (M)/n(M) begins to exceed unity around M = 10 12 h −1 M ⊙ , and reaches its maximum value of 2 around
indicates that there is virtually no such massive galaxy clusters in the positive potential regions. That is, the superlarge scale structures are concentrated mostly in the negative potential regions, which agrees with Madsen et al. (1997) .
RESULTS AND DISCUSSION
Using the PS formalism which was proved to be the simplest but very efficient approach to finding the mass function analytically, we evaluated the constrained mass distribution The scale of the initial potential is considerably greater than that of the density contrast. For the model in question it is about R ϕ = √ 3σ ϕ /σ v ≈ 120h −1 Mpc. The density contrast field has a scale R δ = √ 3σ δ /σ δ ′ ≈ 120h −1 Mpc if it is smoothed with a sharp k-space filter with k c ≈ 0.017hMpc −1 . And the corresponding density variance has the value of σ δ (0.017hMpc −1 ) ≈ 0.03. Fig. 2 shows that the number density of clusters with masses 10 14 − 10 15 h −1 M ⊙ can easily be 30% greater in the troughs of the potential than the average between n + (M) and n − (M). Thus, the biasing is at least by a factor of 10 on the scale about 120h −1 Mpc.
Qualitatively the bias phenomenon can be explained as follows. The initial density contrast is proportional to the Laplacian of the initial potential (δ ∝ −∇ 2 ϕ). Therefore the two fields are cross-correlated. Strictly speaking, they are anti-correlated since the positive peaks of δ are more likely to be found in the troughs of the potential where it is negative. The correlation is not very strong (for k c = 0.25hMpc
But the clusters are extreme objects corresponding to the tail of the mass function, and thus very sensitive to the environment. That is why the clusters put one of the strongest constraints on cosmological models (Bond & Myers 1996; Fan, Bahcall, & Cen 1997) .
The mass function has been evaluated in the Lagrangian space. In the Eulerian space the bias effect becomes even stronger. The mapping from the Lagrangian to the Eulerian space has some nonlinear features. On the scale of the potential the mass moves from the peaks of the potential to the troughs. Using the Zel'dovich approximation one can easily estimate the rms displacement of the mass on the scale of the potental (Shandarin 1993) :
For the model in question the displacement smoothed on the scale of the potential becomes approximately d rms ≈ 3h −1 Mpc. It is relatively small compared to the scale of the potential but it is not random relative to the potential, and therefore can only enhance the bias.
Similarly, the biasing is enhanced in the redshift space. Besides the bias effect can be also enhanced by the increase of the growth rate of the perturbations in the troughs of the gravitational potential. The potential troughs of a scale of ≈ 120h −1 Mpc may be viewed as a mini-universe with slower expansion rate for the perturbations on the scale of a few Mpc.
One may think that clusters tend to form in the regions of the positive density contrast smoothed on a larger scale. This may be an alternative way of describing the large scale biasing. Obviously the initial potential becomes resembling the smoothed initial density field if the filter has a sufficiently large scale. The potential can be viewed as a smoothed density field with the scale free filter W (k) ∝ k −2 , while the density field is usually filtered with much sharper filters. We did not compute the constrained mass functions for the troughs and peaks of the density contrast smoothed with the potential scale, so we cannot make a direct comparison here. However, the following argument may show that it is not that necessary. The magnitude of the bias is determined by the cross-correlation of the density contrast with the initial potential. The same must be true for the density field The concept of biasing was firstly introduced by Kaiser (1984) in order to explain the stronger correlation between galaxy clusters than between galaxies. The model we have presented here is in qualitative agreement with the original idea although not equivalent to it. Our model predicts a higher correlation function which is due to the renormalization;
if objects occupy only a small portion of the volume, they correlate stronger. In addition,
we identify the regions where the clusters tend to form with the troughs of the primordial potential fluctuations (ϕ < 0). This picture is also in qualitative agreement with one presented by Tully et al. (1992) .
We have addressed the issue of the large-scale biasing with a simple argument, showing that there is a significant difference between cluster densities in the patches of the primordial potential having different signs. However, this biasing effect is not homogeneous in the patches of the primordial potential with a definite sign. If one imposed a lower threshold, say ϕ < −σ ϕ , one must expect a stronger biasing effect.
The shot noise can be an important factor to galaxy clusters since they are rare objects. However, Bahcall, Gramann, & Cen 1994 showed that they can be efficient tracers of the large-scale peculiar velocity field. Using the observational mass function (Bahcall & Cen 1993) inhomogeneities. Also the problem may involve the errors in determining the cluster mass function. Obviously more thorough analysis has yet to be made before a more definite conclusion can be drawn.
Finally, we would like to make a comment on the question of where the universe becomes homogeneous. Obviously, the answer depends on the definition of homogeneity.
The rarer the objects involved, the larger the volume must be. We have presented an evidence that for the clusters of galaxies intrinsic inhomogeneities have the scale of the gravitational potential -the largest scale imprinted in the initial perturbations.
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